Lipids and Their Functions in Human Physiology.-Plasma lipoproteins transport the biologically important lipid compounds: triglycerides, phospholipids, cholesterol, and cholesteryl esters. Insight into the function of plasma lipoproteins may be obtained, in part, from available information on the physiologic functions of these major classes of lipids. Briefly these functions include the following:
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(a) Triglycerides are a source of fatty acids. Fatty acids can be oxidized by tissues for energy or stored as an energy reserve in triglyceride form. In response to energy needs, the storage triglycerides are hydrolyzed and the unesterified fatty acids are released into the circulation for transport to tissues.
(b) Phospholipids are a major structural unit of many cellular membranes, which include plasma membranes as well as membranes of cytoplasmic organelles, such as mitochondria and microsomes. These lipids concentrate at polar-apolar interfaces and stabilize lipoprotein structures in aqueous media.
(c) Unesterified cholesterol is a component of many cell membranes and also serves as a precursor in the formation of bile acids and steroid hormones.
(d) Cholesteryl esters are present chiefly in the liver, adrenals, and plasma. Their functional role is still unclear.
Based on the above functions of the major lipids in man, lipoproteins rich in triglycerides would be expected to participate in some transport phase of energy metabolism, while those rich in cholesterol and cholesteryl esters might be expected to have some transport function in sterol metabolism. One function of the phospholipids and proteins of the lipoproteins would be the stabilization of the highly apolar lipids (triglycerides, cholesterol, and cholesteryl esters) in plasma. From their lipid composition, the functions of the LJ)L and HD], are not readily apparent. However, the relatively high contents of cholesteryl esters suggest some role in the transport and metabolism of these compounds.
Structural Properties of Plasma Lipoproteins. The structural properties of plasma lipoproteins have been extensively investigated and are of interest in any evaluation of lipoprotein function in lipid transport. Electron microscopy has provided a direct visualization of lipoproteins with apparently minimal introduction of structural artifacts.3I Figure 1 shows representative micrographs of the four major classes of lipoproteins.
Chylomicrons appear as spherical particles which range in diameter from approximately 1,200-11,000 A. However, in plasma obtained after fat ingestion, the bulk of the triglyceride was found in chylomicron particles of 1,500 to 4,000 A diameter. No indication of any specific surface organization is apparent in these preparations fixed with osmium tetroxide. Electron micrographs of sections of embedded chylomicrons which were previously exposed to osmium tetroxide show a dense outer layer of material. 8 Analysis of an outer layer of material isolated from chemically untreated particles showed it to consist primarily of protein, phospholipid, and cholesterol.9 These particles provide a large surface for interaction with enzymes and cellular surfaces.
Osmium males (in this age range) show higher levels of VLDL and LDL and lower values of HDL than females. The difference in HDL concentrations between males and females results primarily from the presence of higher levels of HDL2 (a subclass of the HDL) in females than in males. These data also suggest an inverse relationship between the VLDL and LDL, and the HDL.
Relationship of Plasma Lipoprotein Levels to Age.-LDL levels increase with age in males and females, especially in the third decade of life." In males, the Additional evidences of the significant influence of elevated plasma triglycerides in vivo on lipoprotein properties is the observation of a strong direct relationship between plasma levels of VLDL and the percentage content of triglyceride in the HDL.10 A modest relationship between plasma VLDL levels and the percentage content of triglyceride in the LDL is also observed. In vitro incubation of plasma with high levels of VLDL results in a significant increase in the triglyceride content of the HDL and LDL fractions. 14 The above relationships all point to a strong impact of triglyceride metabolism Metabolism of Chylomicrons and VLDL and its Relationship to LDL and HDL Levels in Plasma.-A complete picture of the various dynamic events occurring during the removal from plasma of the triglycerides of chylomicrons and VLDL by the tissues is not available. However, there is abundant evidence that a hydrolytic process is probably involved in some phase of this removal. 24 The enzymes probably catalyzing this hydrolysis have been detected in plasma after parenteral administration of heparin.26 Normally, these enzymes are presumed to be located at or near the capillary wall. During the acute hydrolysis of plasma triglycerides which follows heparin administration, there is rapid degradation of chylomicrons and VLDL into smaller lipoprotein products which have ultracentrifugal flotation properties similar to LDL and HDL. 26 It is possible that during physiologic removal of chylomicrons and VLDL triglycerides, a comparable but slower degradation occurs and the lipoprotein products so formed may be a source of normal plasma LDL and, possibly, HDL. After in vivo heparin administration, the chemical properties of the LDL. products are comparable to those of the normally occurring LDL. However, the HDL products contain appreciable phospholipids and less of the other lipid components normally occurring in HDL. 27 28 The lipid composition of these HDL products may be normalized during their circulation in plasma to that of the regular HDL by the activity of the plasma enzyme, lecithin: cholesterol acyltransf erase. This enzyme catalyzes a transesterification reaction between lecithin and cholesterol in plasma and is particularly reactive with HDL lipids.29 Additional evidence suggestive of a precursor-product relationship between the VLDL and LDL is provided by tracer studies in vivo using protein-labeled lipoproteins,30' 3' and from studies evaluating changes in lipoprotein distributions during metabolic (fasting of hypertriglyceridemic subjects32) and pharmacologic (administration of ethyl-p-chlorophenoxyisobutyrate to hypertriglyceridemic subjects,33 or insulin to subjects in diabetic acidosis34) situations where substantial shifts in plasma lipoprotein distributions occur. These shifts are characterized by marked decreases in VLDL and increases in LDL (usually) and in HDL (occasionally) levels.
Function of ApoLDL or LDL in the Transport of Triglycerides by Chylomicrons and VLDL.-Based on several lines of evidence, the synthesis and appropriate availability of apoLDL or LID appear to be crucial requirements for the formation and secretion of chylomicrons and VLDL. Inhibition of protein synthesis in the intestine of rats results in lipid accumulation in the mucosal cells after a fatty meal and the curtailment of chylomicron formation and secretion. 35 Inhibition of the liver's capability for synthesis or secretion of LDL, by administration of orotic acid to rats, leads to triglyceride accumulation in the liver and in-VIOL. 64, 1969 hibition of VLDL formation and secretion.36' 7 With orotic acid, protein synthesis is not inhibited and HDL are still secreted by the liver. In the human genetic disorder, abetalipoproteinemia, where plasma LDL are absent, transport of triglyceride from the intestine in chylomicron form and from the liver in VLDL form is also absent.'d In this disorder, lipid accumulation in the intestinal mucosal cells also occurs after fat ingestion. The above observations, in aggregate, suggest quite strongly that apoLDL (or LDL) is probably a crucial factor in effecting the formation and secretion of chylomicrons and some VLDL by the intestine and VLDL by the liver.
Functions of ApoHDL and HDL in Chylomicron and VLDL Metabolism.-Although apoHDL is consistently detected in chylomicrons and VLDL, it is not required for the initial formation and secretion of these lipoprotein classes.'5 There is considerable evidence that chylomicrons and VLDL probably pick up some apoHDL or HDL upon entry into the bloodstream. Uptake of apoHDL or HDL by rat lymph chylomicrons occurs during in vitro incubation of these chylomicrons with isolated HDL.A8 In the course of these incubations, some phospholipid is transferred from the VLDL to the HDL, and some cholesterol is transferred from the HDL to the VLDL.
The acyltransferase activity has been detected, it is possible that the site of production and the disposition of the product cholesteryl esters may be abnormal and lead to the accumulations noted above. Another possibility is that the HDL may be involved in the transport of cholesteryl esters from the reticuloendothelial tissues to the liver for catabolism, and hence a deficiency in HDL would result in an accumulation of cholesteryl esters in these tissues. 43 The lecithin: cholesterol acyltransferase reaction with HDL may also play some role in processes regulating the cholesterol content of human red blood cells. 29 
